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Transition Joints: Hybrid Materials in Power Generation

> Ferrific (cost-effective) and austenitic (high
temperature performance) steels are used
IN power generation plants

> Challenges:

> Coefficient of thermal expansion (CTE)
mismatch

> Carbon migration across the interface

> Mitigation:

> Nickel based alloys used as weld filler material
to mitigate CTE mismatch

Gauzzi & Missori, Journal of Mat. Sci., 1988
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» Existing work focused on linear changes in

composition

» Sridharan et al. reported an increase in

hardness in the gradient region

» Zuback et al. observed a hardness gradient
across the transition zone

Brentrup & DuPont, Welding Journal, 2013
Galler et al., Met Trans A, 2019
Subramanian et al., Welding in the World, 2021



Linear Grading: More Gradual Composition Change
Results in Shallower Carbon Chemical Potential Gradient
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CALPHAD Design Approach
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How To Decide Composition Changes?
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Step Change in CTE Variations Advice Composition of

the Transition Zone
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Carbon Chem. Potential & Depletion Zone Lower for Non-
Linear Composition Change

—_— | ineQr
—_— NON-linear

—60000 - —60000 | —60000 | 5
5 =
S —70000- —70000 —70000 | CIC)
= +—
T —80000 - —80000 —80000 | D?
c .
Pg —90000 - —90000 - —90000 1 -
)
> <
§ —100000 —~100000 1 —~1000001 O
e -
¢ —110000 - —~110000 1 —~110000 o)
S 0
v | -
C _120000- —120000 | —~120000 O
@)
0.14 0.14 0.14

2
0.12 0.121 o)
N
0.10- 0.10- g
0
0.08 0.081 o
o
0.06 0.061 8
0.04] 0.04] 5
Q
0.02 - 0.021 0.02 5
: : : : : : O

0.00 ' ' : 0.00 ' - : 0.00 ' ‘ :

0 5 10 15 20 25 0 10 20 30 0 10 20 30 40

5 mm transition zone

12.5 mm transitio_n zone

20 mm transition zone




t

Lower Residual Stress in Non-Linear Transition Join

445 MPa

1.0

-
=
e
=
- — i — — —
49
=
™
=
X
P
=
"l
i | |
= o = o =
= m = =
& = ™
(BdiN) 553015 |ediduLLg Xy
=
| I =i
1¥]
QL —
- =
L~ O 0
-
du
IIIIrIIIIIIIIII
%
1
lll.l.l.r.__..ll.l.ll.ll
' U
1
I.II..II.IH. ..........
P —— <
=
”I == Illlllm rd
=
N
=
] ] 1
= ] ) ] =
[ =] =] =]
o 1] = i~
(

Bd] 552415 |edidulg xep

Naormalized Distance

Non-Linear composition Change

Normalized Distance

Linear composition Change

“4, U.S. DEPARTMENT OF

>=
[©)
14
LU
=
LLl

o F 5
(&)
=)

iy

OAK RIDGE
National Laboratory

%0



347H
Fabrlcahon of Transition Joint Samples

347H
oz
e . Non-Linear Transiton [ §
Joint 597
40 mm I
Smm

Transifion joints deposited using a BeAM Modulo 400 Blown
Powder AM system

st % Joints deposited with 50/50 (3 sections) transition zone or a
gradation of 80/60/50/40/20 (7 sections)

18 layers
0.31mm Layer Height

» Cracking observed in 347H but not in the transition zone or G91

OD: 17mm
D: 11mm » Tubular geometry deposited and currently under evaluation for
TgloLHelgh’r‘:2{_3mmmmmw understanding geometry impacts on defects and

K RIDGE

.2, ENERGY microstructure

National Laboratory




Characterization of the Fabricated Joints

50% Transition Zone Nonlinear Transition Zone

Gradual change in
composition
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Characterization of the Non

80-60-50-40-20 transition
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> In the 80%347H-20%G91 region, dual phase region
exists

» Significant microstructural refinement in the
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Tensile Behavior of Composite Structure in As-Fab and
PWHT Condition

Non-linear transition - As-fab
600 - Non-linear transition - PWHT
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Gage length contained transition zone as well as base metal regions from
SS347H and G91 steels

PWHT conducted: 750 °C for 45 min followed by air cooling

Cracks in SS347H region result in lower elongation to failure

No difference between as-falbb and PWHT conditions
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Strain Localization Near the $SS347H Region
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» Tensile sample extracted from the transition zone
» Strain localization in the 80%SS347H-20%G?1 region
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Significant Strain Hardening and Twinning in the Failed

Section

8000 : Strain hardening rate
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Pressurized Tube Creep Testing

a Different cross-section thicknesses used to equate
S —l N rupture time in all sessions

Measured strains were the highest in G?1 section

b and eventually caused failure
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Ongoing Creep Test at 100 MPa and 650 °C
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Sample tested in as fabricated condition

Test ongoing — comparable to conventionally
fabricated Grade 91 alloy

“4, U.S. DEPARTMENT OF

ENERGY

OAK RIDGE

National Laboratory

T
— 5
5 ey
@ % 5/
s &
L,




Stress Evolution with Temperature
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Summary

e A linear gradient might not always have the lowest carbon
chemical potential and carbon depletion

e Failure appears to occur via twinning in the zones closer to
SS347H

e Residual stresses change from tensile 1o compressive when the
sample is heat treated 1o 650 °C
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Pressurized Tube Creep Testing

Larson-Miller approach used to determine creep
stress of 165MPa for SS347H and 103MPa for G921 for
a stress rupture time of 500h at 650 °C

Therefore, different cross-section thicknesses used
to equate rupture time in all sessions

Measured strains were the highest in G921 section
and eventually caused failure

No Temp (C) P (psi) P (MPa) T_inc (h) T _acc (h)
1 0 0
2 650 6,710 46.25 1 1
3 600 6,680 44.06 24 25
4 400 6,680 44.06 167 192
O, o 5 400 6,680 44.06 738 930
National Laboratory © .‘} :.a &/ 6 650 6,710 46.25 37 967




Tensile Behavior
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Non-standard tensile samples extracted (SS1
gage length and SSJ3 grip geometry)

Enabled capturing transition zone as well as
base material in the gage length
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